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UNCLASS~F~ED 
Pb20 l i~ and Pb20J~~ -:H<- . 

Ca 11 fornia. 

" •• __ • ;· ' .. · ! : ·< '~·: h .... ~ .-

··;.·_~·~_,;-- ~-:.:r:·.·:'.'~,·:.,:· · T~n. ·element~- of atomic. number. betw(.,en 6o and 82 have been 

\ -... _.:_ ·::. -"·~··l:-,_ bdmbarde'd ·With 31'.5 :Mev pro.ton.'3 and· ·e.x.am:tned for ac ti vi ties 
~~/~~ ·:·t:~~1 -~---~~: ~ .. .-·.·~'·".: • ·, • .:.;.· .a'. ~ •' • ~ ~: ,' . . • . ' 

.;.;, .' · ';·:···. wltf!, half-lives. between. 0.5 and 2dO .seconds. None Were ob-
·:·-< -;~, .;--.. , .. --~ /;·:.~· _.>-~:·;l· .:.··:-<. :.'\' ' ,. : ... :- - ', .. · : . •. . ' " . ' . - ~ 
) ;.; · .. -<,<,· :: ·:~J:~(:)r_v~q i:n Sm, · Jfo; Tnl.r. Lu, and T'a. ThoBe produced in W, Ir·, 
·--~.,··~ : .. ·"'_ ·., 4 -.~ ... ~~-.. :_ ·-·.~ .• /t--_ :·_, ·. : •.• ~ ··.--·":·.~· ·. - _-. -~. ',~ ~'" . .. 

~.\: .:";'_::r-P~;._Au,-~rtd'TJ: .. :were .inv~st~g-ated w:J.th scintillat1on .and pro-
:~~--~-- : ~-- ·).· -.:.:" ~:>~ ~~~~:~ .. ~ ~ ~--.. . ' ~ . ~ . ·.· . . . ~ .. -:~~-- . . .... · ·~ ·-. , - . . 
:,· :·< . . .-:_: · .. "j)ortional; C<.htfl.ters. 'Isotope ass lgnments were made on the basis 
"'.~ ·! ~ ' •· ... ; .... • -~· . ·~ ·:.' . ..• . . :. . . . •l • ~ • -~ ~ • • -

:;::::',."·.-/,.:_,.: ·:::'~r-:':~~~it~-t\on ·'tun~tion studies~.· -~O~serv~d were Re-180m (145 
:- .: . . . . . ~. .. :-<~ ' . ' .. ·... _:~ • ' .· 'w / • • . • • 

> ':·~··, _ _. ·.-_ ... se"¢o~da:);; .. ~_Ir:l~m·(4.9 :seconds), Au~9Jm (J.9 seconds), Aul9Srn 
"'·_:-.., .... ~ ,'~ ~ .. ·~ ~·-~ .. · ... : .... ·! . .. · . ~ . : ' : .. 

~-:·-.: '-_ ·,'·-,tj:~ SE3corids)·, _;Aul97m '(7.lt seconds), Pb20lm {60 seconds), and 
.~. r . . . . ·~: ; , ~ .'. . .. . "'. , , • . 

·:.< · ..... ·· pi;2o.3th(b.7-.-·se·c·onda) .•. · Decay ·s.c~emes are proposed and some 
• ~ ~ ._ ) ' .. ,_ ~, • 1 • • ~ • + I '~ 

· '., · · .. ·' :: ;_:·, regi.ilarl ties are dl scussed .• 
.. ~ . . .. 

.• . ·~ i 

' 
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\• 
~' I ' 

.. ' 

' : 
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# _This work wtts apoi'l,sor(ld; in, part by. the Atomic Energy 
· Connnission •: . _,· 

** 'Thia work was made pos.s i ble by the SarA.h Berliner FellowshiP. 
... · (1953 ... 5!~}. of the· American- Association of lTniversi ty ·Women. 

''· 1 



... 

... 

. ,. 

' 

• 

-2- UCRL-?965 

.Introduction 

In agreement with considerations based on the shell model 

.:.1t has been observed that !'n~ny iso~opes in the region between 

atomic number 60 and 82 have low lying metastable states. It 

has further been pointed outl,2 that there is a grouping wlthln 

this region defined by closed nucleon shells: ·the densl ty of 

'cases of nuclear isomerism increases sharply at the upper end 

··of the region, ·there being seven observeQ. cases· wl th Z = 6b to 

72. and twenty-four, with Z = 72 to 82. In order to .determine 

whether. this effect is due solely to insufficient study of the· 

lower· end of the. region; a search for new cases of isomerism 

. was undertaken. . 

·Ten elements have been bombarded with 31.5 Mev protQns and 

examined for .activities with half'-llfe between 0.5 and 200 se-

. · cond.s. These experimentally set limits include the expected 
. . . . . 

hal_f>..lives ·of M3. and E3 transi tiona of energy< 200 kev, M4 and 

·E4 tra.nsi ~ions of energy / 500 kev and energet~·c beta decay 

transitions.· Since a number of nuclear .reactions are possible 

.a~ the maximum b()mbarding energy, excltation function studies 

were performed to permit isotopic assignment of the. observed 

act.iv.i.tie a. 

Experiment.al 

I.. Bombardment and Counting Arrangement 

l. 
2. 

M • 
J. 

Goldhaber and R. D. Hill, Rev. Mod. Phys. 24, 179 (1952). 
W. Mihelich and A. de-Shalit, Phys. Rev . .2)7 135 (1951+>• 
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• ;• .• '~ >!;, !> · ~~: te,;, ~~~gets which .;~·~a bOmbarded are 62s'" ( •;> 98 %)3,, . 

:·:·:•- .. ;:":··;:-::~tH~~.L(_:·~:·:9~·%).~-:6~Thl·.'{:. ;:~6.-%) 3; .. ~71Lu c-~- 88 %J 3, ~7)Ta· (1 99~), 
- . .,·;:.~:>;11.J.vi:c:~··.~>;·.g~:.:%,i._,. 47.it'· ~<~9 -5. ~)·; ~/:7aPt . (. -~~ · 99%), ·7~Au~ ( ./_ · 99. %.L and \ 

~- .• ,·_; _ •..•. ~-.-~:-·;···:.-·.·:.•.: -~"'-./_~> ·-,.-.;:._ .. , -·.·,. ···"·.' ·., ':·· ··.,~- , .. ,._ . .. -·: ' ' ' .· .· . ,, ,·· · . 
.. -: ... ::'fl/~;.:/giTJ;':. (-99.;8 ~fo') :~ ··)t1l o{>th;ese· wera . in the form ·Of. the __ metal. and 

~ ' .. · .... ·"'/('(~···.\,,• .. ~ .·.~--~. •':(; '•."'.-,..':· ~·,:' ·.~~- ~ .-. .. ~-~.:"_·· ... ,: ~-,, <· .. ,• · .. -~ ', ,,: ... ' ' ·~ • ~ •' .. 0 • • .... •' • • 'v ' • • • ,~ 

· ·:·. ;~. ,_-~.,< th~-~ riumbe?='$ :in: ~h~· br.B:~k~ts it?d.icate ·their· elemental.ptirity ex-
:~.··-.<)_~': .. ·-~_1:.~· /?~:.~:;··>--~~-;5_:· ~:·· -~ ~: ~/ .· . ~--~' ,. . ' · .. ' ' ~ ·... :· 111 /:- · ... ' •· .: .. -. ·. ..o{ - •. '' . ' :. .' 

~· r· c-:·' :~.- . elUQ;il;lg oxygen C'Or).tat~:I.natiqns from the formation of. OXide coatings • 
. . .. ' ., .. ~-: ' . ' ·;: ':.~·.,- .. :.. . : ",",, : -' •' ' : : .. ~. ' ' . . . ~. :' <' . ' . . . . . . . ' . . .. 
~.- .. ·." · : .... > :'' ·/. · .'l'h~":,b.otllba.rdnien ts·. ·ware,.~performed at·. the Universtty of California 

·.·} ... :::.:;:.:·_ .;"l~:cri~~}~'h .. ta;:~,~~t'or~· iinea~-~c~~l~~ator •. :_The b~aln Ytas··;~cused tnto . 
· .. : -~ -~- .... -~ --~. :-.;~;-::.~: ~~:~··:·-~··~.-.;··. <~~r- ~:::_~,_ __ .. ~~--.~:-.~~---::..;;~~ ... --,._. ·-.,-- · ;·} ... f ··_·;--~. --~-- ... -· .-- · ·:~ ·· · ·._ -; ;' . ·- · .-

~··:{:~;~· :: ::·.·;~·, :.;~~/~p·o~·-·:'.3/l;6J~·/!:ricll. .. by, .5./B·~P:·_-inch _l)j. a· strong·_ focusJ.ng magnet. con• · . · 
,.··~ .... ·.-, ; •· <t·-.-·;__ ,· .. ~·;: -:· _:: -': ·:., ;· ·_. .· ... ,. '_. ' ,. -~- ·. ~ ·.· ... '. . 

. :,~ 'c.-.> .. :-.;~·:i..~t~hg~ ·of _':fciu:fi' q~i:ld*up_ole Jens~.s. In addition,·. to· make ce~tain 
r ' <~,· ' ~ ~ ~ .. ~ '"·~ -~,... ,..- ·, !.- ""~~ '" .~ .... ,.• ' " * • < r ; ' " • . 

:c· ·:· ;· :'~that· 'tii'e·.: 'be·a:m aid: .~ot'~ strilce~'.the.'·t~rget holder, ~ collimator was 
,···>"··./''· .. <·:-.:· ...... ;.:.:~}··· · .. _,·:::,:··. ·.· .. ·: · ... ·· ..... 
· · · ., . -:~~-_:.~:,.,plac.~.d;.,i!J1I11~4f~terly::befof-<;i.~ >t;h~ ta.rget posi--tion·. ·The energy of the 
::~ ~ ... "':_!~· ... -'(·.:.·.-~·:-:-;·'r .. _.·;.~-:J.:{~.t:.>··· .. ('-.• ~ ....... 

1
: .··~:·.~--- _·-~·- • ... -·. ~-.~-- ••• .-.·' •••• _ • 

:· .. ~ ~ .. ~./;· :<·pro,t.~:ri:S :lrom:·· .. ~he: i,inea'r. ac~eJe~at.or. is J1.~ ·i-~0.5 Mev; .for exci-

'. ': / ,· : Jd~;·;~o {i,J>n ' s~ud~,~~· the{ <1;,s,t;,~d · ~nei'~i e e vie re o bt,a iried by the 

· ;·· ~ . : ~,~~~.:'~f·--.ji.pp:ro'Pl:"~a.~13 fJ.bsopbe.ts. placed directly .in front of· the col-
.. .- • ''- ·.1 j . ..; ·, : •• • • • • • ~- • \ • ;- • - ~.'. • ~ • • 

'· .· :;·.: :::·-i.ima-if~r':' -,:'T:he ·,b~:a.fit:·cu~.f.~nt .·\va·s.·measured ·by ·a. 'gas scintillation· 
.·' ' '··-~of •. ~,· .. ""';,~· ,:.··~ - ~ i~ .. \,,_~- ... ,.,;·_-.,. !-~ •. -:, ·. _.: ~ .. , ~ . ... . - .. ,., -~ ·,.,' .·' _, .. ' • 

·: ~ '.·.;. ··-}:b·~~ m6~it~;\i~s_'_i~ed ~~d :b~U.t by iJt>. S .. w:· Kitchen4, th~- output 

... ·. /-.~;r\$lc~::·~~,~-· ~6,~~~i:~-~'·_t(b:· -~. st.a~da_l~d .. lntegrat~ni' e~ectrometer-· 
:. ·. · . ·-~~~co·rde~;. ;Thl~ 'm.on.itot> ~&~- ~iacc,d in the beam p~th in fr6n~ of 

. ·,·:th~_;ab:s~;;~~~:~ .... ~d-~al~~~atect:~~-~a~~st a F'araday cup placed ·in the 

·-; 

• .. '. « ~ .. (' . ... .. c 

. : target po'si t.ion for all :-'abl:!Orbers 'used •. · 
. ' ' .· ~ ' 

· ... . Shielding, . cori'sist.1ng. ~f eight. inches of paraf.fin and l/16th. 
~ ,·._ 

. inch· of 'Ca.d,m1~u.m; pi~·6ved sufficient. to minimize neutron activation 
. . . ' . . ' . . . 

.o(the ·Nai(Tl). actntillati~n crystal used· for gamma ray studi-es.· 
~ • • > . . 

· In addition two ·inches of lead were u.sed to reduce the .external . . . ~ . . 
. ' 

.,_) .•. O_n loBn ·from Dr •. F. -H. Spedding, Ames Laboratory, Arne s, Iowa 
4·· S. w .. -Kitchen, Rev. 'Sci. Inst. 26, 23L~ (195:5). 

'' 
' 
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gB.m.ma ray·backgro~nd·. During bombardment; the target holdet~, 

centered on the beam spot, ~e s ted betwc'e'n two vertical ralls on 

a catch. At the end of bombardment the catch was solenoidally 

withdrawn and the target holder fell, guided by the rails, 

. through a slot ln the Gh:leldine; to a. position between a scintil

lation and a gas counter. Thus the lower limit. on the ha.lf-liv es 

observable ·was set by the t.ime of fall, ·v 0.5 second, while the 

upper .linl.i t was set to minimize accelerator idle time. 

II. Counters; Electronics 

The scintilla:.tion counter was of conventional design con

sisting.of a one inch by 1.1/2 inch diamete;r Nai(Tl) crystal and 
• 

a DuMont 629~ photomultiplier packaged in an alumtnum housing 

and protected b~ a magnetic shielding and lead shield. Under 

standard operat:tng~conditions, the photopeak of the cs137 0.~6 

h\evgamma ray was observed with 8% resolution. 

The gas.counter was ;3. continous flow type employinga90% 

argon-10% carbon-dioxide mixture. It was operated in the pro

portional region and used to detect ~lectrons. Energy deter-

.minations were made by absorption studies. 

A two-pen, three-speed Brush Co. recorder was used to 

record the data. Pulses fr.om the scintillation counter, am.p-

lified by a standard University of California Radiation Lab-

oratory non-overloading linear amplifier, were· placed into a 

scaler connected to one pen of the recorder. The other pen was 

used to record either the pulses front the gas counter followed 

by a preamplifier, linear amplifier and scaler, or the pulses 

from a second output of the scintillation counter linear amp-. 
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·11fier followed by an A. I. Model ·510 single channel I)U.lse-heigpt 

analyzer. a.nd a. scaler. · All the scalers were .gated off for the. 

durat-ion of the linear acce.le:ra:tor radi'o.-frequency pulse. . ' . ' . ~ . ·, 

Gamma ray spectroscopy was .pe·~for:rrted usine; tf grey wedge . 

pulse-?eight .analyzer which h,as beep d,es6~ibed ·previously.5. 

III. Method 

The control used to end bombardtilent by :~hutting a flip gate· 

o~, de phasing ·the Van de Gra,a:f(. filld linear accelet'ator, si mul tan

eouely starte.<i the recorder cha!'t dr1 ve. Thus the ... :':Jtart ing po~nt.s ·. 
. ' .. · 

of the recorde'r traces correspond to end of bombardment.. At the 

same time the. :target ·wa.s dropped. The decay aft·er ·each b<:>mbard-
' ' 

ment was followed until the cmmtlng rat'e dtie· to longer lived 

activities and external backe;round became c.(m~tant .enough to 

permit. resolutitin of the doc~y· d.lrV(l3. 

The spectra of gamma rO.y· ener.g.los were· studied with the 

grey wedge pulse-height analyze·r by exposing .a given negative 

for a time interval after homb8l,~dment in which pulses· from the 

desired activlty were predominant. This was .repeated until · 

.sufficient pulses for an intel1ie;iole spectrtinl were accumulated. 
. • . 5 

The general method has been prev:tously descrlbed. Energy cal-

ibrations were made at interve.ls throughout each series of bom

bardments. The relative intensities of observed. gamnia rays 

were determined wlth the single-channel puls.e-height analyzer. 

Decay curves simultaneously recorded of the differential and 

integral counting rates were' resolved and th.e components were 
' ' 

extrapolat•3d to the time at end of bombardment. The ratio of 

5 .'Vera. ·Kistiakowsky Fischer,, Phys. Rev. 92_, 1.549 ( 195)+) •. 
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~
_.tt these extrapolated countine;. ra.tos were plotted as· s. function of -~ 

pulse-height analyzer setting. The. heights of the photop_eaks ti 
cottrected by emrfirical count ine effie iency_· factors and ealculate~~ . ~J 

absorption corrections gave the .relative intensities. 
. -- "~r . . 

·The K X"-r~y 
... . . 6 

values were corrected for the Auger effe·ct. · .. ]; 
t' 

Absorption curve determinations were made --of the electron 
., 

energies associated w.ith each activity. Ratios of gas counter tb 

scintillation count,er counting rates at end of. ~ombardm_ent were J 
>; 

plotted as a function of absorber thickness, and th·ese curves r~; 

were resolved. Electron to gamma ray intensity ratios were. corf 

rected by the factors mentioned for gamma r:1ys, by electron ab-f 
. )' 

i 
sorption co1:'rections, and fox:- the geometries. of the two counter@. 

·" . . '} 
Relative cross .... sections for the excitation functions were '-

~ 
calculated from the c9unting rates of component~ of the resolve~ 

scintillation counter decay curves extrapolated to the end of.~
bombardment. These were corrected as prevlously discussed a.Dd ~ 

·also by a saturation factor calculated ~rom t·he length. of ~om-~ 

bardment. Absolute cross-section values were obtained by ap- 1 
Plying additional corrections for geometry, isot..-mic abundance J 

-~ -~· 
and branching ratio and converslon considerations. 

IV. Results 

Bombardment of Sm, Ho,. Lu, rrm, and Ta yielded only very 

r 
~· 
j~~ 

weak traces of short-lived activities. The amounts corref\pond~d 

to •cross-sections of at leas
1

t a factor of 10.5 smaller than the:; 

compound nucleus formation cross-sections for the given targe11 
' . 
' and energy. The characteristics of the activities in so far 1 

6. H. s. W. Massey and E. H. S. Burhop, Proc. Roy. Soc.· (London) 
15_J, 661 (1935-36). 



~. .... -

-7-. . IJCEL-2965 

as they could be determined indicated that they probably arose 

from oxygen and 'other low Z elements. 

Table I summa;rize.s the. results ·with the other five targets~ 

The half ... lives .quoted r.epresent. averages of tho~e determinations 

which satisfiedrcertain statistical criteria; the errors are 

.their standard deviations. The number of determinations repre

sented by each value is given in the brackets. No quantitative 

attempt, to estimate systematic errors was made. However, the 

internal consistency between different runs under varying con

ditions indicates that they are not more than ·a few percent. 

In the fourth co.lumn, listing the observed gamma ray energies, 

the 65-75 kev radiations observed in all cases are probably K 

x-rays. The errors given are estimated experlmental errors. 

The electron energies as measured by the absorption studies are 

g~ven in the fifth column. The only case where a good endpoint 

determination was possible was wolfram. In all other cases 

only upper limits could be. set. 

The last column of Table I gives the assignments which were 

made for the observed activities on the basis of the excitation 

functions given in figures 1 and 2. In these the ratio of the 

experimentally determined cross-section to the compound nucleus 

formation cross-section7 (r0 = 1.3 x lo·l5 em) is given as a 

function of the energy of the bombarding proton in the center 

of mass system. 'l'he uncertainties in energy of the points in

clude the 'mcertainty concerning the energy of the initial beam 

7. "Theoretical Nuclear Physics'' J. M. Blatt and V. F. Weisskopf, 
John Wiley and Sons, New York ( 1952). 
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and the spread due to tar~et thjckness. 

cross-section include an estlmato of the experilllentnJ. errol'S 

'· but. do 11o·t inC.lude Ul1eertalnti.es 1n so1ne of the fa.ctol"*S lnvoJ~ved . 

• 

. in ca.lculatirig the absolute crosrJ-sections. A doy,nward pointing 

arrow· indicates that the act:i.. vi ty was not ob:3erve-d and only an 

.upper limit could be set. 

-------.. -- --
.. 

Observed Gamma Ray Electron Assighment Target 
-· Half-life Energies Enere;ies 

z Element (seconds) (kev) (Mev) 

~ 1--- ·--.---
__ .,._; _________________ 

! 

r4 w 145±.4- ~cf} 880+40 510:.':_20 
J Rel80m f 1.1+0.1 

106:t_l0 65+10 1 ("O.J . 

ln 
- ' l -

65~10 l < 0:3 Ir 4.91±_0.14 ~5] 135:.':_10 rr191m 
~ I 

~ ~ - -! . f 
3 .B6:t0.25 [~9) 

y l 
~ 255+20 70+10 ~ <·o.J 1 Au193m •) 

~ J j -- -f 
f Au195m ' 

30.6:t.o.19 [6sj 70:t_10 1 {78 Pt 260+20 ( 0.3 
, I 

~ . I 
' i f Au197m l :i 

7 o2J+0.28 }_4.oJ ·• 270+20 130+10 l " 0 .J ! ~ 70+10 -: ~ 
I 

l I - ,. 

i f 1
79 Au • ~ 

' i 
Au19.5m l 30. 0±1· 74 1?4J 1260~20 10i}O i '(0.3 ~ 

1 
~ ' ~ i 
~ r; 

f 
.. 

r , ~ ~ .... i ' ·' 

· 6. 73:t_O.lJ-4. [68] 860:t_40 75±_10 ~ '-.... 1.0 f Pb20Jm j 

' ' l 
' ( ~ r 

~- .. -~-.-~ ; . ---+ i81 ·-··-- __,__,... 
Tl ~ f Pb20lm . ! 

~ 1 
6o •· i+4-· 4 [42j 65():0 0 75:t_l0 : ', 1. 0 l 

I 
I l 
I -·-'-· J.... -- -+ 
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·InterpretatJon of Results 

I. Gold 

'rwo short half-life activlties we1~e observed in the gold 

bombardments. One ha.s a half-life of 7.2 seeonds with which are 

. associate~ 130 and 270 kev gamma rays, K x-rays and electrons. 

This is readily identified with the VJell-known metastable state 

bf Aul97.
8 

The second activity has a half-life of 30 seconde 

with which is associated a 260 kev gamma ray, K x-rays and 

electrons. These values agree with those previously found for 

a metastable state of Aul95 9,lO whlch emits 56.5 and 261.6 kev 

gamma rayg. The 56.5 kev gamma ray is very highly converted 

and thereforewould not have bBen observed in the present study. 

The experimental},y determined intenstty ratios for both isotopes 

.agree very well with the known conversion coefficients. Pre

vious.ly proposed 8 ~9,lO decay schemes for both isomers are given 

in figure J. 

The ob.{lerved excitation functions are given in figure la. 

Curve A corresponds to the reaction, Aul97 (p,p') Aul97m, and 

ourve B, to the reaction, Aul.97 (p,p2n) Aul95m. The values of 

the ratio Oex:p/oc are small at all ener'gies, the experimental 

cross-section, Oexp being only a few per cent of the compound 

nucleus formation cross-section, Oc• The total inelastic scat

tering .cros~-section for 31.5 Mev protons in gold has been 
11 . . 

shown to be 0.29 barns, giving Oexp/oc = 0.26, and the cross-

8. J. W. Mihelich and A. de-.Shalit, Phys. Rev • .2_!, 781 (1953). 
9· Von o. Huber, J. Halter, R. Joly, D. Maeder and J. Brunner, 

Helv$ Phys. Acta 26, 591 (1953) . 
10 .• Grillon, Gopalakrishnan, de-Shali t and Mihelich, Phys. Rev. 

2]_, 124 ( 1954) •· 
11. R. M. Eisberg and G. I8o, Phys. Rev • .22., 1039 {1954). 
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. seet.H>n··.·i:o; .the~.-~~~~~·ion T~1e·~<(p,p~~-}. ~~i~o· w1th,2J.ii hi~~~ -pr~9t·~n~·~: : .. ;·.·.'· ': 

' .. ·· r;:::.~;z1i:~=;:~~:::~ :i:i.:~l~: ·:·r~:~Jt~::~::":::~z:~ ·.'' .~:e .•. ' ·. ·1 ' : 
•• '7 : :· ., • '.' ,·' •••••• <' . ~· ' ·. : .. ·. . . ' . ," . : . : ··,_ .. 0. . .;· ·:. .... ': .· . · •. .' . ..::i : 

.. ~ . 

•;,., 

•. ,. 

. ; . t~~-· p.:t!Od~~-~ _ _.:n~c-~·~t:a : .. ~~ci ':t~us·.a .. ~e-~p._/cb}~t ._~,.:·r.~yt~::p~r~,' c~n~,:,·~~~:. ~·- :~ ... ~-.·:,~_~·::··: l.i t~ 
;,~ ;· · .. be.~xp~.cte~ ~o~ .~u.~h.',a. .. :re~.~tion. __ ~T~e,(p,,p'). c~rv,e; c_ur~e";:A'·~.· ..... ·· .. , .. :· ·~J··· 

· ,·· . .. . · t ta e a . iV tt~>; ~ri e r. ~ ~;~!' . i5 ~n;o;...,d;.;~ nt : • .,.·, gy; ;t ~ t? M~ v: . th.: ~~f~bt : <, ... : . ~: . ~ · ., 
':'· ·. .. ;of; ;~he ··t?~n.t~a.~'·~;~~~¥~; i~,·~.~~~~.;; ~~~h,ail: .. ~~V,f.oP~ 6r( ~.~~; t~ .··~~~~ /: ' ·' •· :~l , . 

... . . ·. ..· >1nc.reas1n-g(.p.rgb·Q.b11·:l.ty::.~he:t .. ~)?.e>r.esi-dual n11e:t,~us :.will ,.stlll -h$:v~, .·:: .. :t; · 

..•. .··. · ~ ~u'~.~~7~~p .~iei,tf>~~~~·~n·:~~Y~~~: ~~~~ :~;.;~t~i+.:~~f~f~~::::· ~~'/ .. /;;';(;~ :, . • · •.• ; · ,·· ~ 

.. _.:: ::,-.. :~·' -··lp,:p2ri')>'··cui-ve, · <iu:r.v,e: .A~ : rfs~·s,: ·t3iiarp-l:-f ·~bo·v.e:;,.zo:.·Metr .. wh}oh 1,8' .ap':.:. --< . .._ .. ] it 
.. , .. "'::. -·.:: ,· J '5: ' ~ : .·:, .• ·;·, ~ . ': ·>. ·>. :-·: _-::': :,:··,,, > ,_. <' _., .: ' > •. :. .. ;:, ;·- ,,_' ::~;;:. ··. - .',: . '.,,. '" . : '·:·, '~ ., .: .. '• p/· -~-:" :):~.. '· 

'.'_':: ~ . . ·.:.~:·:'_,.proxima~e.l·y·~·tne··;:thr.esh~lg'·for, emi,:Ssl9n:•:6·:f ithr;(~e _·p~·frticles:.trom·'· './•,\.·;· .· ··:t .. . ·; . 

. · _ . . ··.· · ·· ·~Of,', tb:e ,two: .·a.c::t~·v.±.ti'e.s· ~op'~~rve:d af.tel" •tl:le·l?ombardin~nt;. ot . . ;-'-~ , .· ... · 
-··~···\·-~·.-.. -.·· _ ..... ~----~-·· ··.~ . ."-.-.:,.~,·- ·--::-.·"'";:·,. --. ."~ ·.:·~,:·,- .. ---~·".,> · ..... ·.:,.·.r:~ .. -.• \·--·~~~-_:_,;_~~~,..r_ .. _.;·~ :~:._: ·:_,,··-~ .. ,_ 

, ... :.~· plat1num, ··the· .On'~,. wrth\30.'6,· ·s~·Q·(m(l·:: half--lf.f.~.~; c8;:0-~·.b.~ .. iinm.~df~teli. _.,_.. , ,~ . . 
'.·:1 -~·- •. ·.·.·-·· >·-·; _:, -/>: ... ~ .. : .. ?~·-·,, ."·'·t·-: '·_.-~- ' .. .; .. ·~-~:·.-,. __ ;> .. ·._··.· ·-···.;~~t}' :·-~-.-~\" .~ .. '<:"--~{.- -~·· ~-,_#,... ~~ \.,.,; ... ,~·,., ~~ ..: t 

.~asst,gne~ ·t-9/4-~:?f.#>,jj·.:t~e~:.h~:~·~s,~-~ ·half~·l:i.re:~· f?~a _i'~~~:.~~~:rg:(~ ·.:- ·· ·. _·,.t .. 
~ • , , • .- • • : • • -~ • -;- .,. • • • ~~.~ -· <I • • • r · · . ~ ., ~ " , . . · ,1 • • : • · • L • • .... • ; 

· ... and K conversL<m 'coe'ffic·ient. Flirthe.rmore, .the. excitation .(une- ·· ·. · ·. 
·-·~·.· .. ·. ·:·:·:·.··- .. ·.·._,'". · ... ,.·· .. ·.,_ .. ·• _·:\·. :,c ._ ... · --~ 

. .. tlo,~f~r.· ~J'lfa.·:act.ivit~,-~~ig~r:e-, 2a:curve.· B~. ·;s -~t wo~ld b~ -7x: ·:· -.~-~:· . ,f:· 
pe.9b:id · rr6m.!the. ;s:um. of' .the .reacti~ns Ptl95 {·p;n}·''Aul:95~~- Ptl96 .. ' ·· ·· 

· · . :(p ,2.,:) Au195J, .,;d p~~98 ·( P, ~) ':Au 195m. ,Boj;h d~ryssil~ ·this f1· ": .:·.:~ · 

::~::::9a:::o:::~t:~;~:::~:tr~:w~:9:::::~::::~:::}::r:::~::- . ·~ .: I. . 
· were ~a de , . In t)l~ s ~totni c m'm,oe; reg ton. · suCh ;. va~ue . l.nd~ cates . ' ; I 

• • ·, ' .•. o . •. · .. r '. . -.. · : .. · .• '. • . . '. ·~. 

··that the de-cay ~ode. of the doumpound nucl~us leading to the iso-. . . k· . 
' . ' ' . . . -.'!:· . 

' • • • f tt 
" tope. ~n questio~' doe,$. ·not ."'involv~ .charged' particle. emis'sJon. •' . ' . r; . ' 
Th~ shape, ftr~t ·col'lstah't ~d then ·falling .off aft~:r~ ~0 Mev 

.. 
l •. ''-·~ t 
'• :_. 8, ' .. .. II. f '· .. e: 

12. Cohen, Ne:wman 1 Charpie and Handley, P~ys. Hev. 21.1 1039 (1954). -~·. 
·.:_r.::_ 
J' 

,_· 
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.... •' ~ ,. ,:_ • '• t,' . ~ I • ·. \oo- ,J.' . ' ' '· '<. 

< ; •• '$-:·<,'f~'> ,,·~· __,•' '• '\ ',_' '.·.:I •; ' '. ~- ',_' ·: .',• 
:. '·/:· ···-.--: '·ind1,~·ate-s that·· (p,n) ·and (p,2n) but '.q~t· (-p; Jn) contrlhute while . . . .. : :.. . -.. '· . ~ . . ' . . . 

~ ~':.' . . 

· '· .' · _: ·- · .,:· ;the: u.pward t~~r/~ t.-.JO 'M€·v· _can·· be _explained by ~· (p, J+n) contri-
' :···. _· ... ~!--~1.·_·. :·. ~~.·:<· .. i . . '>"")~:;.-~· ' . .·· .. , _ ... __ . :--~ .. , 
- , · · ""; ·· · but ion ·' 
'~>!.:-.:~.: :~:.~:·_~:_;· .··· _: •!···.t· ~ -.-~···.~.· _·~.. ·.' •• • ,.'' -.. • 

: ·. · >·· '· ·- · .. Curve A ,-;ts· th~ :.-.excitation fl..!Ylction for ·th<': productlon of 
• -1··. ';. • ' • ·_ • ~ 

·~- I ' ' 'I ',_:~ • )' ·~, :~ '(" ~· ~·· t -~-' ~ 

.... ': .. · _: tll.~ ~J,i88 ,second.· acti:vity .. · ·on the b~sls 'of s irnllar arguments ; -

·,;.\;.;,:<>·::-{:.'·it-:t~ as~lgrie_.d. tO .. Acil9Jm.pr~duced by<the reac~ions Pt.l94 .(p,2n) 

<:· ;·. , .. :·,~~~93zn,--~pti?? .:'(p:~Jn). Aul9.3m and ptl96 (p:.J.tD) Aul93ni. The initial· 
. " -: . '. . . ' 

, 

:-· , . '. :,rt~e- in the; curv·e' ind:f~ates the absence of (p:,n) contribution. . ~ _... ~ 

• ·' c • ~ 'P • • ~.' . ' ' ~. ... •• .' • '. ~ ~ ' 

·: ·:.~: .. :~:-'· .. :' T~ia' isomer· !'JaS o(>served to' emit a' -255 kev gB1n.ma . ray with 

-~::-.··_·,;:.: .. ·ak_··~_0-~4 ±;. 9·.1 and :k/1'·7-:2. ·Comparing these·:riumbers with the 

·: ·_~ .. ·::{··: .. t;b~or~tiqal··-Q.k. values ~i~v.en by Rose e~ :,a11J. and· the empirlcal 
~-'' ., . .... ~~--;..:>·<·~ ·~-~--- ':,,··· .. ,.'·~-"" .... ·.·:._:· ' . f ~-. '-. j • _-. -~_:·: •• ,,. • ,. • • • 

-~·' . ;:~1\··.>_· ,>>k/L, 1

_c\&11e·s· glv-eh by Goi<.iha.ber and Sunyarl4J the tr.ans1 tion is · 
. ~ ~ ...:_ . ·.· . ·- .i·: i . ' ' ' c : • • • • • • 

.: 1 .:;:.;~.;·,/tou.rld·t~ be·M:fwith p'ossible E2 adml,xture. Thus the mult:loole 
.;, ·:"'· .. :'•,~/'. ;.'t '.,..: • .'.~'·.s· .. ~ I .. ~' :·~~ ~ • . "'. ' ' . . ' ·,> . ' " 

.:: " ·_:.o'rO,er_:·,c>r_·. the: gamma ray is definitely~'to? lo'w to account for the 
' ' .• ,· ... ~ ,;. ,. ,' • . •• : . ~'If . 

· .·. -· ., : . .' . .- halff1ife- and some. other. tr!illsl tion must be :rate determining • 
.. ~ ' 0 I • ' '''> • • • ~ 

·< '·· • .· Gr.illon·· et>allO have dis.covered a metastable state in 
...... · ·-

,-'~~.J.9.l following the electron· captur.e d.ecay· of Hgl9Jm who;;) 
,.-· .. 

;·.·· .. 
. -· . half~ 

• .. ' '· :·. ll're' they were not able to determine. They·-observed conversion 
·1·,.· . . ·''' 

- · - '-:electrons cor.responding to 31.9 .k~v (EJ), 25.7. 9 kev (Mi). and 
~· ' ' 

· -- 2'9~ kev .(weak;). gamma rays~-- The 257 ~ 9 kev_ gamma_ ray and the 
' [ ·" 

.- ; i6'o keV 'gatmria.'·:ray observed in ~he present study are presumeably 

-identicaL. . The ·oth9ti :·t'Wo would not have been observed. Thus 
, ... :, ' ~ . . . 

'th~ dec a~: scheme·:· gfven. hi Grill on et ailO ,. figure Jc, is as-
- ... . { . . ' ) 

~ .si.gned t~; the :3.88 aecc;nd Au19Jm •. 
' . . . ,.. . .. "' . ' . 

·,. "' 

' ~ ·~ ' . 

. . 
.· 1_3. Rose, Goertt'el,· Sp.inrad,. Harr and Strong, Phys Rev §lt, 1056 
. ' ·-(1951). . . . . 
+4•. M.' Goldhaber and.A. W. Sunyar, Phys. Rev. 83, 906 (1951). 



. ~ . . . 
.,., ..... I . 

. . -~ 
• •fr_ 

~ ... 'I '•) 

. ' 

·-- ,· 
' '.t UC!tL-.2965 . 

•. 
...-l -.· 

· . .• s ( . . .... .-., ' 1' ' ':. ··•. -~i2-~ 

. . . 
. III. Iri.'diUm.". . . . " . ,. 

... ~ .. ....... , . 

. '::. ;:·'F'tgu:d~.lb 'shows ·,the exci:ta:tion· fun9ti9n obtained for tb,e 

·' · ·· .. pr~4~itt~n qf the' 4~:9{ ·s~~c6pcHv.ha'lf~ii~'~ ·:ac·~5.vity in iridium.·.· 
'• .. . ···. . ' . . . .. . . ·-,. . . . ~ ·; ' . .,. . . '· . . ~ - . " . ( ; . ' 

.. · :The: .oexp/oc ;v~lue s. are ··of· :the ·.GtdE?l". ·of magnititde expected for 

.· <: . ·:·, :i ~eac.tiin~· in.iolving 'emt~s~on ',6~ charged p~·rt.lcles from. the com

. : ·. · .. · . :P6tiJl~ nuc,leu~.'· . T~e-. ~hape ·of .. the ···curve tridicates contributions 
. . .. . . ' .. : . ' : '·:' .. ' - ' " . ' . ~ . . •' "' . . '. : . . . 

. , . t'ro~::(p~,p·,:y artd p,p~h} but rio-t .(p,pn). Therefore this activity 
. •. ·.. ·. . . . . 

~· ., . . '_: :i'~ :~salgried' to a m~:t'~'s.ta~le. st;te' in. rr19r prod~ce~ by rrl91 
• • • • ~ < ' • • - • ' • • • • 

. -'(p~pf} frt9jk:·iui~ _:J:r1~:3'. (p;p2rr) ·rrl91m. · Assuming al·l k. x-rays 
. ' . . · .. ·, . '. . . , ' 

~ ·, . 

. '-. · ·arid el·e'6trons to ·aris~ from the coriverston of the: observed 

. .· ; {3~ '!<:v: :~~ ;~Y. ~ ~ is .fOund that "k = 2.1 + 0 ;5 an<! K/L ':" o. 08 • 

. ·. : · _·· · ·-,,:·, ,· .···,.A·rJ.~9:r _kev '·.g~~ r~i go.ii-1g· to the ground' state .of rr191 . 
••• •• • ' •. _,·· •. :_.· .• •. ;':, < •. · .•.. ·.-~·- : ' ,-' .. , .. ··• ,: :. .• : 15-19 . 10 20 

· :. · .'· ·' lia.s b:eeri observed·bot};l. fr-om. the decay of os:L9l · ·. and. of Ptl9l· ' • 
.. .· < --~- ' ·.. :. _-.~; ·: .. · . . . <' _:_ .- · .. <. ·:~ .: ' : . ~ • :.. ,-·· -.' :·"' . • • '. • • ·- . • • • ; • ; 

·. · ·. ~Q,.e g~a r~1 has .. ak ._::::. 2.1 ~nd 1~/L ::: ·2.2 and t·hu.s the tra,.nsition 
;-.J. - ., . - . ' . . • . . . . 

· : i::f.~ mlxtu~e ·'of .Mi. &nd. E2; Jde~l1d:.fylng thi.s .. ,;.,it}:} the observed . 
. . .. 

•' t' 

. ,· gaJmna :ray; tli~ discrep.an~y'. ili .. k/L ra.ti,os ·would. be ex-plained by 
' .. ·.··. . . " --.· ·- . . . . .. . .. -_, -. . 

'·· ·. ·:· -~ hlghly L·.hqnverteo·: gamins. ray co.ri.·e sponding to. th~ rate, deter ... 
. :._;.. . . . . . . '-.. ' ' 

1, •• : ~- • :.~ • ' ' • • 

mll1ing'_ trarisitJon. ·A reas.onabie·.·choice for· t~\~ would be the 

.41.7 :l(ev gamnta·ray~-~bserved·p;~¢eedi'ng the 129.1 kev gamma ray 
. _.·' '191' 15-19·. ' 

111. the .deca_y cif_Os ......• Its Lr.r= Lrn: ratlq·t~_ compatible 
•• < • 

. ·With ·assignment to an E} transi·tion • 

. txi ·two rec_e.nt pape·~s f)xperiments are reported. in which 
,, ~· . . 

15~ J~B~ .Swanarid R. D-. Hill, P:n,ys. Rev. 88,,831 (1952) . 
. 16. -~· .. Konda~84,: Arki.v for Fysik J, 47 (1952). . .. 
17. S. A. E. Johansson, Arkiv for Fysik ,l, 533 (19S2). 
18. R. D., Hill and J. W. Mihelich, Phys. Rev~ ~' 323 (1953). 
19. F. F. Mc._,Gowa:n, PI}ys. Rev. 2]_, 163 (1954)·. 
20 .•. Cork, Brice, ~chmid, Hickm$.n, and Nine, Phys. Rev. 9Jt, 1218 (19.54>· 
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~ ·- ·• ,::·. •' ·. .,. ·. ·:,~:- -_:·- · : ,: ·.;.i,".:l: ·: - ire-;.-;_ "1 9-i::.~ · • ·, :· 
j·· \·. ,·~· ·-~-~ ··' · ' · 1.' • •·.• . .· ·.f./ ~:? ··. ·. . .v .:.t.JJ-~, u:;r ~ 
.. ~·~.· •. ·:·.~~ ~.·-=-. ·:.: • • '• > • ,5:t·, '' .. ; <.~.~:.:'·, .; lc· it'. < ··. \, :•' , ,'~{· ... \·,; ·: '!,/·-' '5.··, '• _.'-- ' .~ ',. '•.'· •. =."' ~·:., ~ 

.' · "· : .. ·\: ~~~hB:ir~i~·~~¥· o.f::--6:~ $·.:,~;}1'.-0~:se co.n·!;l~~l <Uid·. ;).;6. +· .0.4. ·seconds.- ·f2 ·-' 
·"' .)_~~>·'.·:··~: ... ·-,l~~-\·.:;- -~··. :- ~1:·> .~ ... ·-'"':~~- · ... ~ '.,_ .. :_·.~:- -~>···:'! ·. ~. - .... ~- _,· ' :.'. ,. :!': 

.\.;·· •._.':· -:- >·hS:ve-"beerL ·obtn~'i·ved ·.ror d-_:iiletas:t~ble ·'~t·~~t,e;. of Ir191 which ~mit~':: .. 

. :: ... ,:~:~·~··}-{'':·:'~<:<.~:··~: ' . f ' .: ' :: ;:; ;_---~ :-~..; <_-·r' :: ' : :· .;·,~·-:_- -' . ::.'-' . ':~ :' ·- :. ':; ' ' . ' - .. 

··:.- _- ; ·.: ·: ,- · ·' a~·-;:);30 -;~Eft\ g~a ·;r'ay ./, .IP ·one of them;-- :Mihelich., Me· K~·owp and- ·, · - ·· -
-- ~ . , .... ~ . .-.~~; "!:~ ~;._,.·,,_-.:··. --~~ · .. · ... _~~-.-···.·_: ..... _· ·- ... :."" .. _- .. ,_'-~.-~·~~·--·.' ... ;' ' ·. '7. . ._-:. • . . •• ' .· ... ,' .· ,. • 

. ,:<·~:~: _ ,:'.,.';· GGl¢ihaP:~:i"2l--give~:a -~(:iry··c(.)nv~nclog ·t~-rgume:nt. for the ,same .d~~fl-y-·· ·. 
·':i·'·- ;4·>i·-·: .. >:::;·_; .-·.;·_ ·.~:._·~.- _: _·'. -~_ .. ,,· .. ~ ~·· ';~: .... ·:~·--·.'·.· .. ~~·:::. ·.·J ·->~-:· _'.- .~ .... ·.··f:·~--.. '. .·. -. -~.r> ,·_:_s:ene~e--'sugg~-s:t·e'd.-here~'.an~.ilJ.'ustrat~~·J,:n figure 3d.-· --Figtire-4 ·. -

... < '!.,'~' -. ·~ >,9 T • ·~·· ' ~. , •. ' ~ •'o ~~ ' T· 'F' I • 1 J • ' •' : ' 

'_,;_.· .. :~ --_·.:;·· (:-i:- ._ .... ·':"-::.~>:;·\-.'-.~ -'.~ . - - .. -.. • .'~ :··~· • • . ; • ': . ·,, ,. . . •· -.. . ~" . 

-.. ·~>::;· ~·.<·:~shows;· n~_.typ1,cal dec~y cu.:rve -and;:-- ln t~e· iris.ert, th13'· oi~at'rthution ; ..... -~-. ., _·,..·_ ::-·,· .·., --~~ ~;··... ~ ""· ~'"}·~-~ :~· ... · ·~···<. ·:,.. ,..·, .. :--,_ -. . :.~ · .. -. '·r:. ~, ·.: . . ·. .. . - : . 
,.. - .-:·o:r ,values. ob.tained>for. the half-life in this experiment •. 

·.- ... ~.--~~:>·~·",- ..... ·.\.\~·::-":. __ .;_:..(:<--; .... __ .- f;~,·~ ... _< ... ~- ~; : ... ·' . .. .:-""· ( ' ~#, .t :''~--.,·, "·.~ •• 

- ·. ,._ :_::IV~ .Ths.lllUltl- :· ., -. · ·> · .. ·. · · - . 
::·· '«: ,1' .. ·< ·. "·~·· .. !-( !''-"':;""'!~--· ~ • ":1 

•. J \.. • : ... . .~·- .. . : • ~. • . • • t 

.• , . .. ,_:.·::_:· ... - Figl,J,re: :2b;.·~()ui>.ve :A, shows. the exc'i ta t.i·oh function o·btaihe<i 
I' "· ~' -, • f... •,1 ~· " • • • ,. • :- . ',! ' _, ~ • • • • ,-. o 'f ~ c< I ,'• . .I . ; 

· '. -_._ -· ,- -. ,fO:f "1;he · 60 second. actiVity produced by botnoardment of thallium.' · 
~·." :,:·: •'{f> -~ ,'• R ---~ • R 

0 

• -. •• 

. ' .. - ·.,. •• ..· • . . 7 . . • ' •. : ': • . . ' - ' . ' . 

. · . _-:·:;.:.-_ (·~~\Aa.a0:both the _mag~:ttud£:3. and shape expecteA. for a (p, Jn) rea~tion. ·- ~ . 

~-:· · ~- ·1:-~eh~i~'. ~~ ·t~~~ for thEJ '6-~7 .second act~ ~i-~y- ob.ser;ed, has a shape 
~ r: ..:.... ) .'' ·. ;. '. ' : ,, .. , • . j 

' ;" · · -~:~; :re:sembt.ing .. a·'.(p,n) curve· at iow 'energies and (p,Jn) at high, 
-;' _.., .. ~.· ~_;, .. :~1·.~,.-.l·.. .. .. ~· ... :-' ·_. . ···, 

.,:.>rtt~-~6 (p,2n).' c6mpon,ent. Thus the 60 s:e;cond·activity has been 
·.- .- . '\ . . . . . ·. .· . ' . '' 

-·~(:a$aign:~d 'to·' a:.-metastable .stat~ of Pb201 ·from T1203 (p ,Jn) · Pb20lm 

.~. _.~rid;.·the. ·6·.·7~ s.eco~d e.'ct:i,~i:ty to a metastable state of Pb203 from 
-._ ' ' . ' -. 

. :· -· i±2o3 :.(p,n) Pb293~1 and_ trl205 (p,Jn) Pb20Jm. Bopkins2J ·also. 
• t• ~' t, 1' f"'J ' - • • ' ' 

: bpmb.a_.rdEfd :-t;.hallium w'ith protons and observed 50. second and 5.6 
• '' ; ... . 'l ~ 

'> . ::Se~ond half-"life' activities whi~h. he' ident·ified a~ Pb20lm from 

·,, Tf20·3 .t(~·,3n(.pb20lm~ a:nd -Pb202m from Tl203 ( p.; ~n) Pb202m. 
• • ,, • • 4 ' ' • • • ' 

The 

~'. secpriq a~sig~~nt_ ,~as based on. ob_serving. the acti_v,:i. ty with a. 

. -. · _b.ombar.d±ng e~er$y 9f; '22 mev qut no,t wl th 17 -mev. 24. This was :not 
- .. 

:the --'case in the pre-sent work- as seen in figure 5 which shows a 
J. "I''. . • . : 

.tYJ>ical· decfl.y curVE3. obtained with bombarding energy. f:. J..5 .. 2 Mev. 
·; . • • . l:' ~ • ' ! . ' :. • ' • ~ ~ 

... : •' . " ' 

21. J;;·W. Mihelich, M. -Me Keown and-M. Goldhaber,.Pt.iys.Rev • 
. 22, 1450 {1954). - . ' ·, . 

22. H.·.A. Naumann and _J·. B-. Ger>hart, Phy.s.- ~ev. ~~ 1452 (1954) • 
2~ •. N .... ;s.. Hopk.inn, Phy:s_ •. R'? v. _§§_, · 680 ( 1952) . - . 

, .24. N. J. Hop~in ·a.. pi" i va.te communi:ca ti on ( 1955) • _. 
'. • t ' ' .I' ~: 

- .J.' ' 
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been repeated and the two lo\ver energy gamma rays were not ob-

~ served. 24 The half-life calculated for this transition using 

the (}oldhaber-Sunyar equationl4 is 61 seconds, again in good 

agreement with the experimental value. Thus the decay scheme 

shown in figure 7b is proposed for Pb20lm in analogy to that 

for.Pb203m. 

V:.· Wolfram 

Figure 2c shows the excitation function obtained for the 

145 second activity produced in wolfram. The order of magnitude 

of the maxi~um value and the shape of the curve assign the ac

tivity to the product of a (p,3n) reaction alone. Thus it m\.tst 

be Re180 from w1~2 ' (p ,3n) RelGO. The contribution from w180 

(p ,n) Rel~O is nbt seen due to the 0.135 fa abundance of wl80. 

Gamma rays with energies of 880 kev, 510 kev and 106 kev; 

k x-rays; electrons and a beta particle group of maximum mergy · 
\ 

1.1 Mev were observed from the decay of this isotope. It is 

· calculated from the semi-empiricn.l mass equation26that the ground· 

state of Rel80 is unatQble by 2o8 Mev with respect to the ground 

of wl8<?, suggesting that the 1:1 Mev beto. particle is a positron. 

That this is the case and that the 0.51 Me·:v gamma r·ay is anni

hilation radiation is ccinfirm~d by the ratio of their intensities, 

N /N 5 - 0 7 + 0 4 The theoretical ratio . p, 1.1 Mev l, Oo 1 Mev - • • • 

of k electron capture to. positron emission is found to be 

fk/f...,. = 50 from the curves of Feenbergand Trigg27 and it is 

26. N. Metropolis and G. Reitwiesner, "Table of' Atomic Masse·sn, 
reproduced by Argonne National Laboratory through the courtesy 
of the authors, March 1950 (unpublished). 

·2 7. E. Feenberg, and G. Trigg, Rev. Mod. Phys. 22, 399 ( 1950) . 
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·A correction f~r L el~ctron 

·The ratio of the intensi.ty of the 1.1 Mev P?sitron~electron 

captur·e decay branch: to that of the 0.88 Mev ganipu1 l'o.y is 

f+ + f!c NA 1' IN' 88. u.e,v ::: 10±.4· ; . Thus these 't.ransi t.io. ns f . · tJ'·· ~1 Mev;~·~·,o. m ~· 

are ~ot in se-quence and the 0. 88 Me~ garrttria ray prob{lbly, roiiows · 

an electron capture decay to an excited level in wl80. As~umin_g 

that the energy of this transition is _(E~+ + i.o) - ~~ ~ 1.2 Mev 

·it is found that log ft = 4.,6A ·Correcting .log ft f3+ k. for 
. ' 

t.qis branching it is still Lj .• l~ This suw:,ests .that there must· 

be a third competing decay mode •Jntl an obvious ·choice, in view 

of the radiatio:ps observed, j_s tha·t' electron capture -an.d pos1' 

tron decays proceed from a metastable.· state of Hel80., The 106 

kev ganima ray is. possibly ·emitted in this suggested isomeric 

transition. However, Brown et al29 observed.a. level of Wl80 

102 kev above the ground state. By analogy to.Hrl80 and all 

other stable even A wolfr.am isotopes wl1.ich have 2+ rotatlonal 

states at about 1.00 kevJO, this ·is probably an E2 transition~ 

The observed 106. kev gamma ray may. also be partial_ly or· com-'·. 

pletely due to this transition and a.number· of decay schemes 

are possible as indicated in figure 8. 

Concluding Remarks. _ 

Of the ten targets studied only those ,at the upper end of 

the.atomic number region gave observable activities. In view 

28. M. E. Rose and J •. L. Jackson, Phys. Rev. 7~, 1540 (1949}.· ·. 
29. Brown, Bendel, Shore and Becker, Phys. Rev. ~' 292 (1951). 
30·. N. P. Heydenbuz-:g and G. M. Temmer, Phys. ;Rev. 2]_, 906 ( 1952). 
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·: of the l.imtta·ti ons of. t~e .. experif!i.E!'rit, thi$: i_s not :cori,clusi ve .... 

:. ·put it does sub·stanti~t·e the . .prevlo~sl.y ·mentioned .e.ffect·. >There 
I' .. 

are now ;~ven known .. cases of is~rrierfs~ b~tweeh z = 60 a·nd 72 and 
}'; .. 
~wenty-seven, between Z - 72 and 82. Goldhabe; and<Hilll a~d• · · 

· .•. _\. . f. '', .• •••• ,. ·:. ';,·,.'· . 
·"Mihelich and de_;Sha1it2 have sugge.st:ed that the ·a:bs.~nce o.f odc;l .. d 

. . r._ .. , , . -,. . ·, . , •• J • ., ·,: ••• 

proton isomers· 'in the lo~er. region':c~.n ·h~ ·{3;-(r:lnl.ned. by, the: de- · · 
. . . . ". . . 

StrU:ction, of the me tas t.a.bi llty Qf the·. ~Xpe Ctf;ld single particle 
.· ... ',· .· .. 

levels_ t;hr_ough th'k intervention o·f lo~-lying levels'. of· 'the 

··coupled system. 
" . 

Mihelich.arid de-Shalit2 have poihted·oti~ that the tran:Si-

tlon matrix elements, lM1 2 , fo.r the· Mh trans~tions between . . . 

. 11.3/2 and f5/2 states· in octd neutron Pb, Hg, and Pt isoto~es 

show a dependence on nucleon number. ··· 'iMi 2 is defined as_ thB 

ratio of the mean life for the tra:ns:ltion calculateQ. as in . . 

Blatt and Weis.skopf7 to the E)xperirnental value corrected far 

·conversion. Table· II combines the values for pb20lm and Pb203m. 

observed in the ·})resent study w.tth tho~1e .previously given.2 

It again emphasizes that !M 1 2 incrfii:J.scs as the nucleon numbers 

of the i.somers approach clos0)d shol1s. The obsex•vation however, 

that this increase is ler.H; than a factot' ·o.f two accounts for the 

success of Goldhaber and S\myar1 1+ in fitting an ex:pres3Jon to 

the observed half-lives without considering closed shell effects. 
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Table II 

1M, 2 For M4 Tran~itions 
I rvq c.. for N=:- ---

··~ 
115 117 I 119 I ·-:120 123 

j I .: . . . 

Pb 1 
: 1.02 

j 
1.18 ) i 1.54 . 

l l ' I 

o.s8 1 
i i I 

I 

Hg 1.02 ~ 1.00 1 
' I 

' I 

I 
I ' ; I. i 

Pt 0.77 i 0.98 l j I : < 

The E3 transitions between hll/2 §:tnd d5/2 levels in the 

odd neutron Au and It- isomero might be expected to show similar 

behavior. Since accurate values for the conversion·coefficients 

of low energy E3 gamma rays are not yet available, nothing can 

be said about jM'j 2 • 1M! 2 (1 + a.•) where a is· the total conversion 

coefficient is plotted against transition energy in figure 9 a.nd 

is seen to be a smooth and rapidly decreasing function. On the 

assumption that JMI 2 does not yary by large factors as is the 

case in the M4 transitions discussed above, then the curve is 

essentially the energy dependence of (1 + a). 

It has been shown2_that the energy .separation of the il3/2' 

f5;2 and p1; 2 · levels changes smoothly with neutron number in. 

odd neutron Pt and Hg isotopes. In figure 9a the energy separa

tion of the il3/2 and f!)j2 -levels in Pb, Pt, and Hg isotopes is 

plotted against neutron number. The values for Pb201m and Pb2Q3m 

were those observed in this experiment while.those for the other 

isomers were taken from the article by Mihelj_ch and de-Shalit. 2 

P'igure 9b shows the energy separation plotted against proton 

number for neutron number 119. In both cases the level separa-

tion is seen to increase smoothly as expected as the nucleon 

number approaches a closed shell value. 
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List of Figure Captions 

Figure 1: Excitation Functions. a) Activities })roduced by 
bombardment of gold with protons: A) 7.4 secorids half
life, B) 30 seconds half-life~ b) 4·9 second$ h~lf
life activity nroduced by bombardni.ent of iridium with 
protons. - _ · _ ~ 

Figure 2 : Excitation Functlons. a) Activitj_es produ~.ed by, 
bombardment of pla.tlnum wlth_protons: A} 3·9tseconda 
half-life, B) 31 seconds half-life. b)· Actifities 
,produ.ced by bombardment of thall:i.um with ~)rot6ns :-
A} 60 seconds half-life, B) 6.7 seconds half-tl.ife. 
c) 145 seconds half-life acti vlty produced byU bombard·-
ment of wolfram. with protons. f 

' . 
Figure 3 .: Decay Schemes. a) Au 197m, b) Au~95m, c) .A;~ 193m 

and d) rrl9lm. ~· 

Figure 4 

Figure 5 

t: 

Typical decay curve for rrl9lm. The poin'ts are 
experimental and are resolved into two components 
A) 4.9 seconds half-life, B) background. The insert 
gives the distribution of values determined for the 
half-life. 

: . Typical decay curve for Pb203m produced by bom- _ 
bardment of thallium with protons of energy·~ 15.2 Mev. 
The points are. experimental and are resolved into two 
components A) 6.7 seconds half-life, B) backgoound. 

Typical decay curve for Pb201m and Pb203m. The 
points are experimental and are resolved into three 
components A) 6.7 seconds half-life, B) 60 seconds · 
half-life, C) background. The insert gives the dis
tribution of values determined for the shorter half-life. 

Figuee 7 : Decay schemes. a) Pb203m.and b) Pb20lm 

Figure 8 Decay scheme proposed for Rel,80m. 

Figure 9 ,:· )M\·2 (1 + a) as a function of .transition energy for 
E3 transitions between hll/2 and 5/2 levels in odd 
neutron Au and Ir isotopes. -. · 

Figure 10 : Energy separ.ation of ili/2 and fr-:;;2 l,eve.ls· in od<;l 
A Pt, Hg, and Pb isotopes a~ a.s· a function of neutron 
number, b) as a function of proton number. ., - . . 
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